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Abstract
The coupling constants of K and pi mesons with the octet baryons
is studied in light cone QCD sum rules taking into account SU(3)f
flavor symmetry breaking effects, but keeping the SU(2) isospin sym-
metry intact. It is shown that in the SU(3)f flavor symmetry breaking
case, all the couplings can be written in terms of four universal func-
tions instead of F and D couplings which exist in SU(3)f symmetry
case. Comparison of our results of kaon and pion baryon couplings
with existing theoretical and experimental results in the literature is
performed.
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1 Introduction
The analysis of baryon-baryon, baryon-meson scattering and photo-production
experiments require the knowledge of the hadronic coupling constants involv-
ing mesons. Experimentally, only hadronic coupling constant with pion gNNpi
is determined accurately both from nucleon-nucleon and pion-nucleon scat-
tering. However, situation for the kaon case is not simple and to reproduce
experimental result for kaon-nucleon scattering cross section and kaon photo-
production, many phenomenologically undetermined coupling constants are
needed (see [1]). Therefore, it seems a formidable task to determine the kaon-
baryon and pion-baryon coupling constants. For this reason, reliable theo-
retical approach for estimating these coupling constants is needed. Among
all non-perturbative methods, QCD sum rules [2] are especially powerful in
studying the properties of hadrons. This method is successfully applied to
investigation of a variety of problems in hadron physics, in particular the
calculation of the meson-baryon coupling constants. Calculation of the pion-
nucleon coupling constants received a lot of attention (see e.g. [3–11]).
The K meson baryon coupling constants also were studied in the frame-
work of the sum rules (SR) method in [12–15] and in light cone SR (LCSR)
in [16].
The main result of these works is that the predictions of SR for meson
baryon couplings depend strongly on the choice of the Dirac structure (see
e.g. [9, 10]). Our numerical calculations show that only the 6 p 6 qγ5 structure
leads to a reliable prediction on the meson-baryon coupling constants.
In this work, we will study pseudoscalar π and K meson-baryon coupling
constants in the framework of an alternative approach to the traditional SR,
i.e. LCSR using the most general expression for hadronic currents as well as
SU(3)f flavor symmetry breaking strange quark effects. LCSR is based on
the operator product expansion near the light cone, which is an expansion
of the time ordered product over the twist rather than the dimension of the
operators. Main contribution in this approach comes from the operators
having the lowest twist. The main ingredient of LCSR is the wave functions
of hadrons, which define the matrix element of non-local operators between
the vacuum and the one particle hadron state (for more see e.g. [17, 18]).
It should be noted that kaon baryon coupling constants in SU(3)f sym-
metry limit have been studied in [19] based on the known sum rules for the
pion-baryon couplings. In the present work we have taken into account the
SU(3)f breaking effects. It is well known that in SU(3)f symmetry limit, the
1
coupling constants of pions and kaons with baryons are described in terms of
two universal constants: F and D(see section II). In the absence of this sym-
metry, it is natural to ask how much of this structure still remains. One of
the central problems addressed in this paper is the discussion of this question.
The plan of the paper is as follows. In Sect. II, we demonstrate how kaon
baryon coupling constants and the pion baryon couplings can be related in
the SU(3)f symmetry breaking case. In Sect. III, the LCSR for the meson
baryon coupling constants using the most general form of the baryon currents
is derived. Sect. IV is devoted to the analysis of the LCSR and comparison
on our results with the predictions of the other approaches.
2 Relations Between K and π Coupling Con-
stants.
In this section, we will demonstrate how K and π coupling constants to the
baryons can be related.
Let us briefly review the formulas for the coupling constants KNY , KΞY
and πΣY (Y = Σ, Λ) in the SU(3)f symmetry limit. In this limit, the
interaction Lagrangian can be written as
L =
√
2
(
DTrB¯ {P,B}+ FTrB¯ [P,B]) (1)
where
Bαβ =


1√
2
Σ0 + 1√
6
Λ Σ+ p
Σ− − 1√
2
Σ0 + 1√
6
Λ n
Ξ− Ξ0 − 2√
6
Λ

 (2)
and
P αβ =


1√
2
π0 + 1√
6
η π+ K+
π− − 1√
2
π0 + 1√
6
η K0
K− K¯0 − 2√
6
η

 (3)
Here Bαβ represent the
1
2
+
octet baryons and P αβ represent the 0
− pseudo
scalar mesons. From the Lagrangian, the expressions for the K and π cou-
plings can easily be read off as:
gpi0pp = F +D, gpi0Σ+Σ+ = 2F, gpi−Σ+Σ0 = −2F
2
gpi0Ξ0Ξ0 = F −D, gpi+Ξ+Ξ0 = −
√
2(F −D), gpi0,±Σ0,±Λ = 2√
3
D
gK−pΛ = gηΞΞ = − 1√
3
(3F +D), gK−pΣ0 = D − F
gK0Ξ0Λ = gηNN =
1√
3
(3F −D), gK0Ξ0Σ0 = −(D + F ), etc (4)
In order to motivate the treatment in the SU(3)f violating case, let us
write the π0 current as
jpi0 =
∑
q=u,d,s
gpi0qq q¯γ5q (5)
where gpi0uu = −gpi0dd = 1√2 and gpi0ss = 0. Then the coupling of the pion
to the B(qq, q′) baryon which consists of two identical q-quarks and a third
different q′-quark, can be written as:
1√
2
gpi0BB = gpi0qq2F + gpi0q′q′(F −D) (6)
or explicitly
1√
2
gpppi0 = gpi0uu2F + gpi0dd(F −D) = 1√
2
(F +D)
1√
2
gpi0Σ+Σ+ = gpi0uu2F + gpi0ss(F −D) =
√
2F
1√
2
gpi0Ξ0Ξ0 = gpi0ss2F + gpi0uu(F −D) = 1√
2
(F −D) (7)
etc.
In order to obtain relations between these coupling constants, let us write
formally the coupling constant of the π0 to the Σ0 as
1√
2
gpi0Σ0Σ0 = gpi0uuF + gpi0ddF + gpi0ss(F −D) (8)
Note that this coupling is exactly equal to zero. Exchanging, first d↔ s and
then u↔ s, one obtains two auxiliary quantities:
1√
2
gpi0Σ˜0dsΣ˜0ds = gpi0uuF + gpi0ssF + gpi0dd(F −D) =
1√
2
D
1√
2
gpi0Σ˜0usΣ˜0us = gpi0ssF + gpi0ddF + gpi0uu(F −D) = −
1√
2
D (9)
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The following relation holds:
gpi0Σ˜0dsΣ˜0ds − gpi0Σ˜0usΣ˜0us = 2D =
√
3gpi0Σ0Λ (10)
Up to now, we have considered only the neutral π0. To study the couplings
of the charged pions and kaons, let us first define the auxiliary ”hyperons”
Λus,ds and Σ
0
us,ds obtained from the normal Λ and Σ by the exchanges u↔ s
and d↔ s. Using the wave functions of Λ and Σ0 it can be shown that{
2|Σ0ds >= −|Σ0 > −
√
3|Λ >
2|Λds >= −
√
3|Σ0 > +|Λ >{
2|Σ0us >= −|Σ0 > +
√
3|Λ >
2|Λus >=
√
3|Σ0 > +|Λ > (11)
where |Σ0ds > and Λds are the V = 1 and V = 0 V -spin states respectively
and |Σ0us > and |Λus > are the U = 1 and U = 0 U -spin states.
Now, let us write the formal coupling of the π− with Σ+ and the auxiliary
Λds
2gpi−Σ+Λds = −
√
3gpi−Σ+Σ0 + gpi−Σ+Λ =
2√
3
(3F +D) (12)
Performing the exchange d↔ s, Λds becomes the ”physical” Λ, π− becomes
K− and Σ+ becomes −p. Then we get:
2 (gpi−Σ+Λds) (d↔ s) = −2gK−pΛ =
2√
3
(3F +D) (13)
which coincide with the SU(3)f symmetry prediction.
Similarly, writing the coupling of the π− to Σ+ and the auxiliary Λus:
2gpi−Σ+Λus =
√
3gpi−Σ+Σ0 + gpi−Σ+Λ = − 2√
3
(3F −D) (14)
and performing the u↔ s exchange, one obtains:
2 (gpi−Σ+Λus) (u↔ s) = 2gK−Ξ0Λ = −
2√
3
(3F +D) (15)
In a similar way, starting from the formal couplings gpi−Σ+Σ0
ds
and gpi−Σ0Σ0us ,
and performing the d↔ s and u↔ s exchanges respectively, one can obtain
the following relations:
− 2
(
gpi−Σ+Σ0
ds
)
(d↔ s) = 2gK−pΣ0 = 2(−F +D)
−2 (gpi−Σ+Σ0us) (u↔ s) = 2gK0Ξ0Σ0 = −2(F +D) (16)
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These expression show how we can construct sum rules for the K baryon
coupling constants, starting from the corresponding sum rules for the π
baryon coupling constants.
3 Light Cone QCD Sum Rules for the Meson
Baryon Couplings
In this section we will derive light cone sum rules for the meson baryon
couplings. Sum rules for the meson-baryon couplings can be obtained by
equating two different representations of a suitably chosen correlator, writ-
ten in terms of hadrons and quark-gluons. We begin our calculation by
constructing the following correlator:
ΠB2→B1M = i
∫
d4xeipx〈M(q)|T ηB1(x)η¯B2(0)|0〉 (17)
where M is either a pion or a kaon, ηB is the interpolating current of the
baryon under consideration, T is the time ordering operator, and q is the
momentum of the M-meson. This correlator can be calculated on one side
phenomenologically, in terms of the hadron parameters, and on the other side
by the operator product expansion (OPE) in the deep Euclidean region p2 →
−∞, using the quark gluon language. By matching both representations
through the dispersion relations, one obtains the sum rules.
Let us firstly discuss the phenomenological part of the correlator function
Eq. (17). Saturating the correlator function by ground state baryons with
quantum numbers of the corresponding baryons, we get
ΠB2→B1M(p21, p
2
2) =
〈0|ηB1|B1(p1)〉
p21 −M21
〈B1(p1)M(q)|B2(p2)〉〈B2(p2)|ηB2 |0〉
p22 −M22
+ · · ·(18)
where p2 = p1 + q, Mi is the mass of the baryon Bi, and · · · stand for the
contributions of the higher states and the continuum.
The matrix elements of the interpolating currents between the vacuum
and a single baryon state, Bi, with momentum p and having spin s is defined
as:
〈0|ηBi|Bi(p, s)〉 = λBiu(p, s) (19)
where λBi is the overlap amplitude and u is the Dirac spinor for the baryon.
In order to write down the phenomenological part of the sum rules from Eq.
5
(18) it follows that one also needs the matrix element 〈B1(p1)M(q)|B2(p2)〉.
This matrix element is defined as:
〈B1(p1)K(q)|B2(p2)〉 = gB2B1Mu¯(p1)iγ5u(p2) (20)
Using Eqs. (19) and (20) and summing over the baryons’ spins, we get the
following phenomenological representation of the correlator:
ΠB2→B1M(p21, p
2
2) = i
gB2B1MλB1λB2
(p21 −M21 )(p22 −M22 )
(− 6p 6qγ5 −M1 6qγ5
+ (M2 −M1) 6pγ5 + (M1M2 − p2)γ5
)
+ · · · (21)
where · · · stands for the contribution of the higher states and the continuum.
From Eq. (21), it is seen that the correlator has numerous structures and
in principle any structure can be used for the determination of the meson-
baryon coupling constant. But our numerical analysis show that the sum
rules obtained from 6 qγ5 and γ5 do not converge and hence can not be used
for a reliable determination of the coupling constant. The sum rules obtained
from the structure 6 pγ5 do converge. But due to the small factor M1 −M2
multiplying the structure (this factor goes to zero in the SU(3)f symmetry
limit), any uncertainty in the sum rule gets enhanced, and hence the results
are also not reliable. Thus we are left with the 6p 6qγ5 structure only.
In order to obtain meson-baryon coupling we need the explicit forms of
the interpolating currents for the baryons. It is well known that there is a
continuum number of interpolating currents for the octet baryons. In our
calculations we will use the following general forms of baryon currents
ηΣ
0
=
√
1
2
ǫabc
[(
uaTCsb
)
γ5d
c + t
(
uaTCγ5s
b
)
dc − (saTCdb) γ5uc − t (saTCγ5db) uc]
ηΣ
+
= − 1√
2
ηΣ
0
(d→ u)
ηΣ
−
=
1√
2
ηΣ
0
(u→ d)
ηp = ηΣ
+
(s→ d)
ηn = ηΣ
−
(s→ u)
ηΞ
0
= ηn(d→ s)
ηΞ
−
= ηp(u→ s)
6
ηΛ = −
√
1
6
ǫabc
[
2
(
uaTCdb
)
γ5s
c + 2t
(
uaTCγ5d
b
)
sc +
(
uaTCsb
)
γ5d
c
+ t
(
uaTCγ5s
b
)
dc +
(
saTCdb
)
γ5u
c + t
(
saTCγ5d
b
)
uc
]
(22)
where a, b, c are the color indices, and t is an arbitrary parameter and C is
the charge conjugation operator. The Ioffe current corresponds to the choice
t = −1. Note that all currents except the current of Λ can be obtained
from the current of Σ0 by simple replacements. Recently it has been shown
in [20,21] that it is also possible to obtain the current of Λ from the current
of Σ0 through:
2ηΣ0(d↔ s) + ηΣ0 = −
√
3ηΛ
2ηΣ0(u↔ s)− ηΣ0 = −
√
3ηΛ (23)
3.1 Relations Between the Correlation Functions
Identities presented in Eqs. (23) and (22), allow us to write all the correlation
functions for the strong coupling constants of the π0,± andK0,± to the baryon
octet, in terms of only four functions. In the SU(3)f symmetry limit, all
these couplings are related using symmetry arguments. The main power
of our approach is that our relations do not make use of the exact SU(3)f
symmetry and hence can be used to study various SU(3)f symmetry violation
effects.
Two of these four independent functions can be obtained from a slightly
modified form of the correlation function ΠΣ
0→Σ0pi0. To start the derivation
of the relationships between the various correlation functions, define:
ΠΣ
0→Σ0pi0 = gpiu¯uΠ1(u, d, s) + gpid¯dΠ
′
1(u, d, s) + gpis¯sΠ2(u, d, s) (24)
where we formally write the quark content of π0 in the form of Eq. (5). For
a real pion, we have gpiu¯u = −gpid¯d = 1√2 and gpis¯s = 0. Hence, essentially
Π1(u, d, s), Π
′
1(u, d, s) and Π2(u, d, s) is the contribution to the correlation
function when the pion is emitted from the u, d, and s quark in Σ0 respec-
tively.
Note that the current for Σ0 is symmetric under the exchange of the u and
d quark field operators. Hence the contribution of emission from the d quark
can be obtained from the contribution of the emission from the u quark
by a simple exchange of the u and d quarks, i.e Π′1(u, d, s) = Π1(d, u, s).
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This leaves us with only two independent expressions, i.e. Π1(u, d, s) and
Π2(u, d, s). In the following, we will use the formal notation:
Π1(u, d, s) = 〈u¯u|Σ0Σ¯0|0〉
Π2(u, d, s) = 〈s¯s|Σ0Σ¯0|0〉 (25)
In Π1 substituting d instead of u, and using the fact that Σ
0(d → u) =√
2Σ+, we obtain
4Π1(u, u, s) = 2〈u¯u|Σ+Σ¯+|0〉 (26)
(The factor 4 on the left hand side is introduced due to the fact that, since Σ+
has two u quark, there are 4 ways that the π0 can be emitted, but Π1(u, u, s)
takes into account only one of these.) Also noting that since Σ+ does not
contain any d quark,
ΠΣ
+→Σ+pi0 = gpiu¯u〈u¯u|Σ+Σ¯+|0〉+ gpis¯s〈s¯s|Σ+Σ¯+|0〉
=
√
2Π1(u, u, s) (27)
Similarly, for Σ−, we obtain
ΠΣ
−→Σ−pi0 = gpid¯d〈d¯d|Σ−Σ¯−|0〉+ gpis¯s〈s¯s|Σ−Σ¯−|0〉
= −
√
2Π′1(d, d, s) = −
√
2Π1(d, d, s) (28)
which concludes derivation of the relations between the couplings of π0 to
the Σ baryons.
In order to derive relations for the coupling of π0 to the proton and
neutron, we need the matrix elements〈u¯u|NN¯ |0〉 and 〈d¯d|NN¯ |0〉. In order
to obtain the first matrix element, note that proton current can be obtained
from the Σ+ current by replacing the s quark by the d quark. Hence
〈u¯u|pp¯|0〉 = (〈u¯u|Σ+Σ¯+|0〉)(s→ d) = Π1(u, u, d) (29)
In order to obtain 〈d¯d|pp¯|0〉, Π2(u, d, s) will be needed. First, replacing
the d quark, by the u quark, we obtain
Π2(u, u, s) = 〈s¯s|Σ+Σ¯+|0〉 (30)
and next, by replacing the s quark by the d quark, we obtain
Π2(u, u, d) = 〈d¯d|pp¯|0〉 (31)
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Hence we see that,
Πp→ppi
0
= gpiu¯u〈u¯u|pp¯|0〉+ gpid¯d〈d¯d|pp¯|0〉
=
√
2Π1(u, u, d)− 1√
2
Π2(u, u, d) (32)
Using similar reasoning, one can also derive the following relationships for
the coupling of π0 to the nucleon and Ξ baryons:
Πn→npi
0
=
1√
2
Π2(d, d, u)−
√
2Π1(d, d, u)
ΠΞ
0→Ξ0pi0 =
1√
2
Π2(s, s, u)
ΠΞ
−→Ξ−pi0 = − 1√
2
Π2(s, s, d) (33)
which concludes the derivation of the couplings of π0 to the baryons in terms
of Π1(u, d, s) and Π2(u, d, s).
Relating the analytical expression of the couplings of the neutral pion to
the coupling of the charged pion is more subtle. To motivate the reasoning,
consider the matrix element 〈d¯d|Σ0Σ¯0|0〉. This Σ0 baryon contains one of
each of the u, d and s quarks. In this matrix element, it is the d quarks
which emit the final d¯d and the other u and d quarks act as spectators.
Similarly, in the matrix element 〈u¯d|Σ+Σ¯0|0〉, the d quark in Σ0 and one
of the u quarks in Σ+ form the state 〈u¯d| and the other u and s quarks
in both the baryons act as spectator. Thus it is reasonable to expect that
〈d¯d|Σ0Σ¯0|0〉 and 〈u¯d|Σ+Σ¯0|0〉 are proportional. Indeed an explicit calculation
of the correlation functions showed that
ΠΣ
0→Σ+pi− = 〈u¯d|Σ+Σ¯0|0〉
= −
√
2〈d¯d|Σ0Σ¯0|0〉 = −
√
2Π′1(u, d, s) = −
√
2Π1(d, u, s)(34)
from which, after exchanging u and d quarks, one obtains
ΠΣ
0→Σ−pi+ = 〈d¯u|Σ−Σ¯0|0〉
=
√
2〈u¯u|Σ0Σ¯0|0〉 =
√
2Π1(u, d, s) (35)
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Using a similar reasoning, it is expected that 〈u¯u|Ξ0Ξ¯0|0〉 should be pro-
portional to 〈d¯u|Ξ−Ξ¯0|0〉. An explicit calculation showed that
ΠΞ
0→Ξ−pi+ = 〈d¯u|Ξ−Ξ¯0|0〉 = −
√
2〈u¯u|Ξ0Ξ¯0|0〉 = −Π2(s, s, u) (36)
and exchanging u and d quarks, we obtain:
ΠΞ
−→Ξ0pi− = 〈u¯d|Ξ0Ξ¯−|0〉 = −
√
2〈d¯d|Ξ0Ξ¯0|0〉 = −Π2(s, s, d) (37)
Using similar arguments, one can show the following relations for the other
correlation functions involving the pion and not involving Λ:
ΠΣ
−→Σ0pi =
√
2Π1(u, d, s)
ΠΣ
+→Σ0pi = −
√
2Π′1(u, d, s) = −
√
2Π1(d, u, s)
ΠΣ
−→nK− = −Π2(d, d, s)
Πp→Σ
+K0 = −Π2(u, u, d)
ΠΣ
+→pK0 = −Π2(u, u, s)
Πn→Σ
−K+ = −Π2(d, d, u) (38)
In order to obtain the expressions for the correlations involving the Λ baryon,
one uses the relations given in Eq. (23). Using those relations, one obtains:
ΠΛ→Λpi
0
=
√
2
3
[Π1(u, s, d)− Π1(d, s, u) + Π2(s, d, u)
− Π2(s, u, d)− 1
2
Π1(u, d, s) +
1
2
Π1(d, u, s)
]
ΠΛ→Σ
0pi0 +ΠΣ
0→Λpi0 =
2√
6
[Π1(u, s, d) + Π1(d, s, u)
− Π2(s, d, u)−Π2(s, u, d)]
ΠΞ
−→Σ0K +
√
3ΠΞ
−→ΛK = 2
√
2Π1(u, s, d)
Πn→Σ
0K −
√
3Πn→ΛK = 2
√
2Π1(s, d, u)
Πp→Σ
0K+ +
√
3Πp→ΛK
+
= −2
√
2Π1(s, u, d)
−ΠΞ0→Σ0K0 +
√
3ΠΞ
0→ΛK0 = 2
√
2Π1(d, s, u)
ΠΣ
0→pK− +
√
3ΠΛ→pK
−
= −2
√
2Π1(s, u, d)
ΠΣ
0→nK0 −
√
3ΠΛ→nK
0
= 2
√
2Π1(s, d, u)
ΠΣ
0→Ξ0K0 −
√
3ΠΛ→Ξ
0K0 = −2
√
2Π1(d, s, u)
ΠΣ
0→Ξ−K+ +
√
3ΠΛ→Ξ
−K+ = 2
√
2Π1(u, s, d) (39)
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As one can see from the relations in Eq. (39), it is not possible to separate the
correlations involving the Λ baryon from expressions involving the Σ0 baryon
using only the functions Π1 and Π2. In order to separate these correlation
functions, we will choose two more independent functions:
Π3(u, d, s) = −ΠΣ0→Ξ−K+ = −〈us¯|Ξ−Σ¯0|0〉 (40)
and
Π4(u, d, s) = −ΠΞ−→Σ0K− = −〈su¯|Σ0Ξ¯−|0〉 (41)
The main motivation for choosing these two correlation functions is that one
involves Σ0 as an initial state and the other one involves Σ0 as a final state.
There are many other possible choices and each one would work equally well.
For convention, these two are chosen in this work.
Using these two correlations, by suitable replacements or exchanges of
the quarks, one obtains the following relations:
ΠΞ
0→Σ+K− = Πn→ppi
−
(s↔ d) = −
√
2Π3(s, s, u)
ΠΞ
−→Σ−K0 = ΠΞ
0→Σ+K−(u→ d) = −
√
2Π3(s, s, d)
ΠΣ
+→Ξ0K+ =
√
2ΠΣ
0→Ξ−K+(d→ u) = −
√
2Π3(u, u, s)
Πp→npi = ΠΣ
+→Ξ0K+(s→ d) = −
√
2Π3(u, u, d)
Πn→ppi
−
= Πp→npi
+
(u↔ d) = −
√
2Π3(d, d, u)
ΠΣ
0→pK− −
√
3ΠΛ→pK
−
= 2ΠΣ
0→Ξ−K+(s↔ u) = −2Π3(s, d, u)
ΠΣ
0→nK0 +
√
3ΠΛ→nK
0
= −2ΠΣ0→Ξ−K+(s↔ u, u↔ d) = 2Π3(s, u, d)
ΠΣ
0→Σ−pi+ +
√
3ΠΛ→Σ
−pi+ = 2ΠΣ
0→Ξ−K+(s↔ d) = −2Π3(u, s, d)
ΠΛ→Σ
+pi− = ΠΛ→Σ
−pi+(u↔ d)
ΠΣ
−→Ξ−K = ΠΣ
+→Ξ0K(u→ d) = −
√
2Π3(d, d, s);
ΠΣ
0→Ξ0K0 = −ΠΣ0→Ξ−K+(d↔ u) = Π3(d, u, s)
ΠΞ
0→Σ0K0 = −ΠΞ−→Σ0K+(u↔ d) = Π4(d, u, s)
Πp→Σ
0K+ −
√
3Πp→ΛK
+
= 2ΠΞ
−→Σ0K−(u↔ s) = −2Π4(s, d, u)
Πn→Σ
0K0 +
√
3Πn→ΛK
0
= −2ΠΞ−→Σ0K−(u↔ s, u↔ d) = 2Π4(s, u, d)
ΠΣ
−→Σ0pi− +
√
3ΠΣ
−→Λpi− = 2ΠΞ
−→Σ0K−(d↔ s) = −2Π4(u, s, d)
ΠΣ
+→Λpi+ = ΠΣ
−→Λpi−(u↔ d) (42)
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Hence we conclude our claim that all 45 strong coupling constants of the
pions and the kaon to the octet baryons can be expressed in terms of only
4 independent function without using any flavor symmetry. In Appendix
A, we present each one of the correlation functions in terms of the four
functions Πi(u, d, s), (i = 1, 2, 3, 4). In this work, we will work in the
exact isosymmetry limit. In this limit, not all of the coupling constants
are independent. In Appendix B, we present the relationships between the
coupling constants in this limit.
3.2 Expressions for the Functions Πi
In the previous subsection, we have shown that all the correlation functions
can be expressed in terms of only four analytical functions which can be
obtained from the correlation functions for the transitions Σ0 → Σ0π0, Σ0 →
Ξ0K0 and Ξ0 → Σ0K0. Hence it is enough to evaluate only the correlation
functions for these transitions only.
In the large Euclidean momentum −p21 → ∞ and −p22 → ∞ region, the
correlators can be calculated using the OPE. For this calculation, the propa-
gators of the light quarks and matrix elements of the form 〈M|q¯(x1)Γq′(x2)|0〉
where M = K0 or π0, and Γ is a member of the Dirac basis of the gamma
matrices are needed. In order to study the SU(3)f violation effects, we have
expressed the light quark propagator up to linear order in mq and then for
numerical analysis set mu = md = 0 and ms 6= 0. The matrix elements
〈M|q¯(x1)Γq′(x2)|0〉 can be written in terms of the meson light cone distri-
bution amplitudes. The explicit forms of these matrix elements are given
in [22, 23]:
〈M(p)|q¯(x)γµγ5q(0)|0〉 = −ifMpµ
∫ 1
0
dueiu¯px
(
ϕM(u) +
1
16
m2Mx
2
A(u)
)
− i
2
fMm2M
xµ
px
∫ 1
0
dueiu¯pxB(u)
〈M(p)|q¯(x)iγ5q(0)|0〉 = µM
∫ 1
0
dueiu¯pxϕP (u)
〈M(p)|q¯(x)σαβγ5q(0)|0〉 = i
6
µM
(
1− µ˜2M
)
(pαxβ − pβxα)
∫ 1
0
dueiu¯pxϕσ(u)
〈M(p)|q¯(x)σµνγ5gsGαβ(vx)q(0)|0〉 = iµM
[
pαpµ
(
gνβ − 1
px
(pνxβ + pβxν)
)
12
− pαpν
(
gµβ − 1
px
(pµxβ + pβxµ)
)
− pβpµ
(
gνα − 1
px
(pνxα + pαxν)
)
+ pβpν
(
gµα − 1
px
(pµxα + pαxµ)
)]
×
∫
Dαei(αq¯+vαg)pxT (αi)
〈M(p)|q¯(x)γµγ5gsGαβ(vx)q(0)|0〉 = pµ(pαxβ − pβxα) 1
px
fMm2M
∫
Dαei(αq¯+vαg)pxA‖(αi)
+
[
pβ
(
gµα − 1
px
(pµxα + pαxµ)
)
− pα
(
gµβ − 1
px
(pµxβ + pβxµ)
)]
fMm2M
×
∫
Dαei(αq¯+vαg)pxA⊥(αi)
〈M(p)|q¯(x)γµigsGαβ(vx)q(0)|0〉 = pµ(pαxβ − pβxα) 1
px
fMm2M
∫
Dαei(αq¯+vαg)pxV‖(αi)
+
[
pβ
(
gµα − 1
px
(pµxα + pαxµ)
)
− pα
(
gµβ − 1
px
(pµxβ + pβxµ)
)]
fMm2M
×
∫
Dαei(αq¯+vαg)pxV⊥(αi) (43)
where µM = fM
m2
M
mq1+mq2
, µ˜M =
mM
mq1+mq2
, where q1 and q2 are the quarks in
the mesonM, Dα = dαq¯dαqdαgδ(1−αq¯−αq−αg), and the functions ϕM(u),
A(u), B(u), ϕP (u), ϕσ(u), T (αi), A⊥(αi), A‖(αi), V⊥(αi) and V‖(αi) are
functions of definite twist and their expressions will be given in the Numerical
Analysis section.
For the explicit form of the light quark propagator, we have used the
expression:
Sq(x) =
i 6x
2π2x4
− mq
4π2x2
− 〈q¯q〉
12
(
1− imq
4
6x
)
− x
2
192
m20〈q¯q〉
(
1− imq
6
6x
)
13
−igs
∫ 1
0
du
[ 6x
16π2x2
Gµν(ux)σµν − uxµGµν(ux)γν i
4π2x2
−i mq
32π2
Gµνσ
µν
(
ln
(−x2Λ2
4
)
+ 2γE
)]
(44)
where γE is the Euler Constant, γE ≃ 0.577 and Λ is a scale that separates
the long and short distance physics. For numerical analysis, we used the
value Λ = 300 MeV .
Using the explicit expressions of the full propagator of the light quark,
Eq. (44), and the meson wave functions, and separating the coefficient of the
structure 6p 6qγ5 one can obtain the theoretical expression for the correlation
function in terms of a few condensates, distribution amplitudes of the mesons
and the QCD parameter.
Having the explicit expression for the correlator from QCD, QCD sum
rules is obtained by applying Borel transformations on the variables p21 and
p22 = (p1 + q)
2 in order to suppress the contribution of the higher states and
the continuum (for details see e.g. [24–26]). Then equating the final results
from phenomenological and corresponding parts we arrive at the sum rules
for the corresponding kaon baryon couplings. Our final results for the four
analytical functions Πi, i = 1, 2, 3, and 4 (for the structure 6p 6qγ5) are:
Π1(u, d, s) =
fM
64π2
M4
(
ms(1− t)2 −md(1− t2)
)
i2(φM)
− µM
64π2
M4
(
1− µ˜2M
)
(1− t2)i2(φσ)
− fM
32π2
m2MM
2
(
ms(1− t)2 + 3md(1− t2)
)
i1(V, 1)
(
γE − lnM
2
Λ2
)
+
fM
16π2
m2MM
2
(
ms(1− t)2 −md(1− t2)
)
i1(V⊥, 1)
(
γE − lnM
2
Λ2
)
+
fM
768π2
〈g2sGG〉
(
ms(1− t)2 −md(1− t2)
)
i2(φM)
(
γE − lnM
2
Λ2
)
− m
2
0 + 2M
2
3456M6
µM
(
1− µ˜2M
) 〈g2sGG〉 (md〈s¯s〉+ms〈d¯d〉) (3 + 2t+ 3t2)i2(φσ)
− m
2
0
648M2
(
1− µ˜2M
)
µM(ms〈d¯d〉+md〈s¯s〉)(5 + 4t+ 5t2)i2(φσ)
− fM
3072π2M2
〈g2sGG〉m2M
(
ms(1− t)2 −md(1− t2)
) (
4i1(A‖, 1− 2v)− i2(A)
)
14
+
fM
768π2M2
〈g2sGG〉m2M
(
ms(1− t)2 +md(1− t2)
)
i1(V‖, 1)
− fM
1152π2
〈g2sGG〉
(
ms(1− t)2 −md(1− t2)
)
i2(ϕM)
− fM
128π2
m2MM
2
(
ms(1− t)2 −md(1− t2)
)
i2(A)
− fM
24
M2
(〈s¯s〉(1− t)2 − 〈d¯d〉(1− t2)) i1(ϕM)
+
fM
32π2
m2MM
2
(
ms(1− t)2 −md(1− t2)
)
i1(A‖, 1− 2v)
− fM
16π2
m2MM
2
(
ms(1− t)2 + 2md(1− t2)
)
i1(V‖, 1)
+
fM
16π2
m2MM
2
(
ms(1− t)2 −md(1− t2)
)
i1(V⊥, 1)
+
µM
144
(
1− µ˜2M
) [〈d¯d〉 (−3md(1− t2)− 2ms(3 + 2t+ 3t2))
− 〈s¯s〉 (3ms(1− t2) +md(6 + 4t+ 6t2))] i2(φσ)
+
fM
432
m20
(
3〈s¯s〉(1− t)2 − 2〈d¯d〉(1− t)2) i2(ϕM)
+
fM
96
m2M
(〈s¯s〉(1− t)2 − 〈d¯d〉(1− t2)) i2(A)
− µM
48
(1− t2)(〈d¯d〉md − 〈s¯s〉ms)i′1(T , 1− 2v)
− fM
24
m2M
(〈s¯s〉(1− t)2 − 〈d¯d〉(1− t2)) i1(A‖, 1− 2v)
+
fM
24
m2M
(〈d¯d〉(1− t2) + 〈s¯s〉(1− t)2) i1(V‖, 1) (45)
Π2(u, d, s) =
− M
4
192π2
µM (1− µ˜M) (1− t)2i2(φσ)
+
fM
64π2
M4(mu +md)(1− t2)i2(ϕM)
− M
4
32π2
µM(1− t)2i′1(T , 1− 2v)
+
fM
768π2
(mu +md)(1− t2)〈g2sGG〉
(
γE − lnM
2
Λ2
)
i2(ϕM)
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− fM
32π2
m2M(mu +md)M
2(1− t2)
(
γE − lnM
2
Λ2
)
i1(3V‖ − 2V⊥, 1)
+
µM
3456M6
(1− µ˜2)(m20 + 2M2)〈g2sGG〉(1 + t)2(〈d¯d〉mu +md〈u¯u〉)i2(φσ)
− m
2
0
1296M2
µM(1− µ˜2M)(1 + t)2(〈d¯d〉mu +md〈u¯u〉)i2(φσ)
− fM
3072π2M2
m2M〈g2sGG〉(mu +md)(1− t2)
(
4i1(A‖, 1− 2v) + 4i1(V‖, 1)− i2(A)
)
− fM
24
M2(1− t2)(〈d¯d〉+ 〈u¯u〉)i2(φM)
+
fM
128π2
m2M(mu +md)M
2(1− t2) (4i1(A‖, 1− 2v)− 8i1(V‖ − V⊥, 1)− i2(A))
+
µM
144
(1− µ˜2M)
[〈d¯d〉 (md(1− t2) + 2mu(1 + t)2)
+ 〈u¯u〉 (mu(1− t2)− 2md(1 + t)2)] i2(ϕσ)
+
fM
864
(1− t2)(〈d¯d〉+ 〈u¯u〉) (9m2Mi2(A) + 10m20i2(ϕM))
− fM
1152π2
〈g2sGG〉(mu +md)(1− t2)i2(ϕM)
− fM
24
m2M(1− t2)(〈d¯d〉+ 〈u¯u〉)
(
i1(A‖, 1− 2v) + i1(V‖, 1)
)
− µM
48
(1− t)2(〈d¯d〉md + 〈u¯u〉mu)i′1(T , 1− 2v) (46)
√
2Π3(u, d, s) =
fM
64π2
M4(md +ms)
(
1 + 2t− 3t2)
+
1
192π2
(
1− µ˜2M
)
M4
(
5 + 2t− 7t2)
− 1
32π2
µM(1− t)2i′1(T , 1− 2v)
+
fM
768π2
〈g2sGG〉(md +ms)
(
1 + 2t− 3t2) i2(ϕM)
(
γE − lnM
2
Λ2
− 2
3
)
− fM
32π2
m2MM
2(1− t)2 ((md −ms)i1(A‖, 1)− (md +ms)i1(V‖, 1))
(
γE − lnM
2
Λ2
)
− fM
16π2
m2MM
2(1 + 2t− 3t2) ((md −ms)i1(A⊥, 1)− (md +ms)i1(V⊥, 1))
(
γE − lnM
2
Λ2
)
16
+
µM
3456M6
(1− µ˜2M)
(
m20 + 2M
2
) 〈g2sGG〉 (7 + 6t+ 7t2) (〈d¯d〉ms + 〈s¯s〉md) i2(ϕσ)
+
fM
3072M2π2
〈g2sGG〉m2M(md +ms)(1 + 2t− 3t2)i2(A)
− fM
768M2π2
〈g2sGG〉m2M(md +ms)(1− t)
(
(1 + 3t)i1(A‖, 1− 2v) + (3 + t)i1(V‖, 1)
)
+
fM
384M2π2
m2M〈g2sGG〉(md −ms)(1− t) ((1 + 3t)i1(A⊥, 1) + (3 + t)i1(V⊥, 1− 2v))
+
m20
1296M2
(
1− µ˜2M
)
µM
(〈d¯d〉ms + 〈s¯s〉md) (19 + 14t+ 19t2) i2(φσ)
− fM
384π2
(
1 + 2t− 3t2) (3m2M(md +ms)i2(A) + 16π2(〈d¯d〉+ 〈s¯s〉)i2(ϕM))
− fM
16π2
m2M(md +ms)M
2(1− t) ((1 + 3t)i1(A‖, v)− 2i1(V‖, 1))
+
fM
16π2
m2MM
2(1− t) ((ms(1 + t) + 2mdt)i1(A‖, 1) + 2(2ms(1 + t)−md(1− t))i1(V⊥, 1))
− fM
8π2
m2M(md −ms)M2(1− t) ((1 + 3t)i1(A⊥, 1)− (3 + t)i1(V⊥, v))
− µM
144
(1− µ˜2M)(〈d¯d〉md + 〈s¯s〉ms)(−5− 2t + 7t2)i2(ϕσ)
+
µM
72
(1− µ˜2M)(〈d¯d〉ms + 〈s¯s〉md)(7 + 6t+ 7t2)i2(ϕσ)
+
fM
864
(〈d¯d〉+ 〈s¯s〉) (9m2M(1 + 2t− 3t2)i2(A) + 4m20(2 + 3t− 5t2)i2(ϕM))
− µM
24
(1− t) (−2ms〈s¯s〉t+ 〈d¯d〉md(1 + t)) i′1(T , 1)
+
µM
24
(〈d¯d〉md + 〈s¯s〉ms)(1− t)2i′1(T , v)
− fM
24
m2M(〈d¯d〉+ 〈s¯s〉)(1− t)
[
(1 + 3t)i1(A‖, 1− 2v) + (3 + t)i1(V‖, v)
]
+
fM
12
m2M(〈d¯d〉 − 〈s¯s〉)(1− t) [(1 + 3t)i1(A⊥) + (3 + t)i1(V⊥, 1− 2v)] (47)
√
2Π4(u, d, s) =
√
2Π3(u, d, s)
− fM
16π2
m2M(md −ms)M2(1− t)
[
(−1 + t)i1(A‖, 1)− 2(1 + 3t)i1(A⊥, 1)
]×(
γE − lnM
2
Λ2
)
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− fM
192M2π2
m2M〈g2sGG〉(md −ms)(1− t) [(1 + 3t)i1(A⊥, 1) + (3 + t)i1(V⊥, 1− 2v)]
− fM
16π2
m2M(md −ms)M2(1− t)
[
(−1 + t)i1(A‖, 1)− 4(1 + 3t)i1(A⊥, 1)
]
− fM
8π2
m2M(md −ms)M2(−3 + 2t+ t2)i1(V⊥, 1− 2v)
− µM
24
(〈d¯d〉md − 〈s¯s〉ms) (−1− 2t + 3t2)i′1(T , 1)
− fM
6
m2M(〈d¯d〉 − 〈s¯s〉)(1− t) [(1 + 3t)i1(A⊥, 1) + (3 + t)i1(V⊥, 1− 2v)] (48)
where M = π or K.
The functions in, i
′
n, i˜n,
˜˜in are defined as:
i1(ϕ, f(v)) =
∫
Dαi
∫ 1
0
dvϕ(αq¯, αq, αg)f(v)δ(k − u¯0)
i′1(ϕ, f(v)) =
∫
Dαi
∫ 1
0
dvϕ(αq¯, αq, αg)f(v)δ
′(k − u¯0)
i˜1(ϕ, f(v)) =
∫
Dαi
∫ 1
0
dv
∫ αq¯+vαg
0
dkϕ(αq¯, αq, αg)f(v)δ(k − u¯0)
i2(f) = f(u0) (49)
where k = αq¯ + vαg when there is no integration over k, u0 =
M2
1
M2
1
+M2
2
.
For obtaining the meson baryon couplings, we also need to know the
overlap amplitude of the hadrons. The overlap amplitudes can be obtained
from the mass sum rules and their expressions can be found in [24,25]. As we
noted that the other currents can be obtained from Σ0 current and therefore,
we present result for the residues of this current only:
λ2Σ0e
−m
2
Σ
M2 =
M6
1024π2
(5 + 2t+ 5t2)− m
2
0
96M2
(−1 + t)2〈u¯u〉〈d¯d〉
− m
2
0
16M2
(−1 + t2)〈s¯s〉(〈d¯d〉+ 〈u¯u〉)
+
3
128m20
m20(−1 + t2)
[
ms(〈d¯d〉+ 〈u¯u〉) + 〈s¯s〉(mu +md)
]
− 1
64π2
(−1 + t)2 (〈d¯d〉mu + 〈u¯u〉md)M2
− 3
64π2
(−1 + t2) (ms(〈d¯d〉+ 〈u¯u〉) + 〈s¯s〉(mu +md))M2
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+
1
128π2
(5 + 2t + 5t2)
(〈u¯u〉mu + 〈d¯d〉md + 〈s¯s〉ms)
+
1
24
[
3〈s¯s〉(〈d¯d〉+ 〈u¯u〉) (−1 + t2)+ (−1 + t)2〈u¯u〉〈d¯d〉]
+
m20
256π2
(−1 + t)2 (md〈u¯u〉+mu〈d¯d〉)
+
m20
256π2
(−1 + t2) [13ms(〈u¯u〉+ 〈d¯d〉) + 11〈s¯s〉(md +mu)]
− m
2
0
192π2
(1 + t+ t2)
(〈u¯u〉mu + 〈d¯d〉md − 2ms〈s¯s〉) (50)
Note that from the mass sum rules, one can only extract the square of the
residue, and not the sign. We have chosen our sign convention in defining
the currents such that in the SU(3)f symmetry limit, the signs correctly
reproduce the F and D expressions (see for example [27]).
The contribution of the continuum to the sum rules obtained from Eqs.
(45-48) and to the mass sum rules Eq. (50) are subtracted using the replace-
ments:
M2n → 1
Γ(n)
∫ s0
q2
dssn−1e−
s
M2 , n > 0
M2n ln
M2
Λ2
→ 1
Γ(n)
∫ s0
q2
dssn−1
(
ln
s
Λ2
− ψ(n)
)
(51)
where q2 = 0 in the mass sum rules and q2 = m2M in the sum rules for the
coupling constants since the meson is real, ψ(n) is the digamma functions:
ψ(x) =
d
dx
ln Γ[x] (52)
The subtraction scheme, Eq. (51), corresponds to taking a triangular domain
in the double dispersion relation for the coupling constant outside of which
we use the quark hadron duality to subtract the contributions of the higher
states and continuum.
4 Numerical Analysis
In this section we present our numerical results for the sum rules obtained
in the previous section for the meson baryon coupling constants. The meson
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baryon coupling constants are physically measurable quantities, they should
be independent on the auxiliary Borel parameter M2, the continuum thresh-
old s0, and the parameter t. Therefore we need to find regions of these
parameters where meson baryon couplings are independent of them.
From the sum rules, one sees that the main input parameters are the
meson wave functions. In our calculations, we will use the following forms of
the meson wave functions [22, 23]
φM(u) = 6uu¯
(
1 + aM1 C1(2u− 1) + aM2 C
3
2
2 (2u− 1)
)
T (αi) = 360η3αq¯αqα2g
(
1 + w3
1
2
(7αg − 3)
)
φP (u) = 1 +
(
30η3 − 5
2
1
µ2M
)
C
1
2
2 (2u− 1)
+
(
−3η3w3 − 27
20
1
µ2M
− 81
10
1
µ2M
aM2
)
C
1
2
4 (2u− 1)
φσ(u) = 6uu¯
[
1 +
(
5η3 − 1
2
η3w3 − 7
20
µ2M −
3
5
µ2Ma
M
2
)
C
3
2
2 (2u− 1)
]
V‖(αi) = 120αqαq¯αg (v00 + v10(3αg − 1))
A‖(αi) = 120αqαq¯αg (0 + a10(αq − αq¯))
V⊥(αi) = −30α2g
[
h00(1− αg) + h01(αg(1− αg)− 6αqαq¯) + h10(αg(1− αg)− 3
2
(α2q¯ + α
2
q))
]
A⊥(αi) = 30α2g(αq¯ − αq)
[
h00 + h01αg +
1
2
h10(5αg − 3)
]
B(u) = gM(u)− φM(u)
gM(u) = g0C
1
2
0 (2u− 1) + g2C
1
2
2 (2u− 1) + g4C
1
2
4 (2u− 1)
A(u) = 6uu¯
[
16
15
+
24
35
aM2 + 20η3 +
20
9
η4 +
(
− 1
15
+
1
16
− 7
27
η3w3 − 10
27
η4
)
C
3
2
2 (2u− 1)
+
(
− 11
210
aM2 −
4
135
η3w3
)
C
3
2
4 (2u− 1)
]
+
(
−18
5
aM2 + 21η4w4
)[
2u3(10− 15u+ 6u2) lnu
+ 2u¯3(10− 15u¯+ 6u¯2) ln u¯+ uu¯(2 + 13uu¯)] (53)
20
π K
aM1 0 0.050
aM2 0.44 0.16
η3 0.015 0.015
η4 10 0.6
w3 −3 −3
w4 0.2 0.2
Table 1: Parameters of the wave function calculated at the renormalization
scale µ = 1 GeV 2
where Ckn(x) are the Gegenbauer polynomials,
h00 = v00 = −1
3
η4
a10 =
21
8
η4w4 − 9
20
aM2
v10 =
21
8
η4w4
h01 =
7
4
η4w4 − 3
20
aM2
h10 =
7
4
η4w4 +
3
20
aM2
g0 = 1
g2 = 1 +
18
7
aM2 + 60η3 +
20
3
η4
g4 = − 9
28
aM2 − 6η3w3 (54)
and the parameters entering Eqs. (53) and (54) are given in Table (1) for
the pion and the kaon.
Since the mass of the initial and final baryons are close to each other,
so we can set M21 = M
2
2 = 2M
2. Then u0 =
1
2
. For this reason we need
the value of the wave functions only at u = 1
2
. The values of the other
input parameters appearing in the sum rules are: 〈q¯q〉 = −(0.243 GeV )3,
m20 = (0.8± 0.2) GeV 2 [24], fK = 0.160 GeV , fpi = 0.131 GeV [22]
An upper bound for the Borel parameter M2 is obtained by requiring
that the contribution of the continuum to the correlation function is less
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then 50% of the value of the correlation function. A lower bound is obtained
by requiring that the contribution of the term with the highest power of 1
M2
is
less then 20%. Using these constraints, one can find a working region for the
Borel parameter M2. Continuum threshold is varied in the range between
s0 = (mB + 0.5)
2 and s0 = (mB + 0.7)
2.
In Fig. (1), we present the dependence of gΛnK on M
2 at three fixed
values of the parameter t and two fixed values of the continuum threshold,
s0. From this figure, we see that the results are rather stable with respect
to variations of M2 in the working region of M2. It is also seen that the
result depends on the value of t. Our next task is to find a region of t where
the results are independent of the value of t. For this aim, in Fig. (2), we
depict the dependence of gΛnK on cos θ, where θ is defined through t = tan θ.
We see that when cos θ varies in between −0.5 < cos θ < 0.25, the coupling
constant gΛnK is practically independent of the unphysical parameter t. And
we find that gΛnK = −13± 3.
A similar analysis of the stability of the other coupling constants with
respect to the variation of the Borel mass M2, the parameter t and the
continuum threshold s0 is performed (see Figs. (3-36)). The results on
the kaon and pion couplings are presented in Table 2 under the column
“General Current”. In the second column, labeled “Ioffe current,” are listed
our predictions if we set the arbitrary parameter t = −1. In the third column
labeled “SU(3)f ,” we present the predictions of SU(3)f if one uses the central
values of the prediction of the general current for the transitions p → pπ0
and Σ+ → Λπ+ (marked as “Input” in the table) to determine the F and
D values. In the same table, we also present the existing theoretical and
experimental results in the literature (columns 5, 6 and 7) for the same
coupling constants.
Comparing the results in Table 2, we obtain the following main conclu-
sions:
• There are many cases in which the predictions of our analysis using the
most general current differs considerable from the prediction of the Ioffe
current, e.g for the Λ → Ξ0K and Ξ0 → ΛK0 coupling constants, the
magnitudes as well as the signs are different. Also for the p → Σ+K0,
Σ− → nK− and n → Σ0K0 cases, the magnitudes differ by at least a
factor of three. This difference is mainly due to the fact that, in these
decays, the predictions for the coupling constants depend strongly on
the exact value of t around t = −1. Hence t = −1 does not fall in the
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stability region of the sum rules.
• Our results are also different from the results obtained in [15, 28] and
[29] but are closer to the experimental results [30] and [31].
• In all cases except the Ξ0 → Ξ0π0 transition, the prediction of the gen-
eral current is consistent with the SU(3)f symmetry, whereas the Ioffe
current predicts large violation of SU(3)f symmetry. The connection
between the SU(3)f symmetry and the usability of Ioffe current and
the reason why there is a large violation of SU(3)f flavor symmetry in
Ξ0 → Ξ0π0 transition needs further study and is beyond the scope of
this work. A plausibility argument can be that since Ξ baryons contain
two strange quarks, it is reasonable to expect that the SU(3)f violation
will be more pronounced in this channel.
In conclusion, the coupling constants of the pseudo scalar K and π with
the octet baryons are studied within the framework of light cone QCD sum
rules. In numerical analysis, we studied the SU(3)f flavor symmetry breaking
effects due to ms 6= mu = md = 0 and 〈s¯s〉 6= 〈u¯u〉 = 〈d¯d〉. It is found that,
without assuming any symmetry between the light quarks, all the coupling
constant of the octet baryons to K and π can be written in terms of only four
analytical functions, which reduces to the well known F and D functions in
the SU(3)f symmetry case. We also perform comparison of our results with
the existing theoretical and experimental results in the literature.
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Channel General Current Ioffe Current(t = −1) SU(3)f QSR∗ QSR† [28] Exp.
Λ→ nK −13± 3 −9.5± 1 −14.3 −2.37± 0.09 [15] −2.49± 1.25 −13.5 [30]
Λ→ Σ+pi− 10± 3 12± 1 10.0
Λ→ Ξ0K0 4.5 ± 2 −2.5± 0.5 4.25
n→ ppi− 21± 4 20± 2 19.8 21.2 [31]
n→ Σ0K0 −3.2± 2.2 −9.5± 0.5 −3.3 −0.025 ± 0.015 [15] −0.40± 0.38 −4.25 [30]
p→ ΛK+ −13± 3 −10± 1 −14.25 −2.37± 0.09 [15] −2.49± 1.25 −13.5 [30]
p→ ppi0 14± 4 15± 1 Input 13.5 ± 0.5 [10] 14.9 [31]
p→ Σ+K0 4± 3 14± 1 5.75
Σ0 → nK0 −4± 3 −9.5± 1 −3.32 −0.025 ± 0.015 [15] −0.40± 0.38 −4.25 [30]
Σ0 → Λpi0 11± 3 12 ± 1.5 10.0 6.9± 1 [29]
Σ0 → Ξ0K0 −13± 3 −13.5 ± 1 −14
Σ− → nK− 5± 3 15± 2 4.7
Σ+ → Λpi+ 10± 3.5 12.5 ± 1 Input
Σ+ → Σ0pi+ −9± 2 −7.5± 0.7 −10.7 −11.9± 0.4 [10]
Ξ0 → ΛK0 4.5 ± 1 −2.6± 0.3 4.25
Ξ0 → Σ0K0 −12.5 ± 3 −13.5 ± 1 −14
Ξ0 → Σ+K− 18± 4 19± 2 19.8
Ξ0 → Ξ0pi0 10± 2 0.3± 0.6 −3.32 −1.60± 0.05 [10]
Table 2: The strong coupling constants for various channels both for the
general current and for the Ioffe current. The first three columns are the
results of this work. QSR∗(†) is the predictions of the QCD Sum Rules using
the σµνγ5p
µqν (i 6qγ5) structure.
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A Expressions of the Correlation Functions
Correlation functions for the couplings involving π0:
ΠΣ
0→Σ0pi0 =
1√
2
(Π1(u, d, s)− Π1(d, u, s))
ΠΣ
+→Σ+pi0 =
√
2Π1(u, u, s)
ΠΣ
−→Σ−pi0 = −
√
2Π1(d, d, s)
Πp→ppi
0
=
√
2Π1(u, u, d)− 1√
2
Π2(u, u, d)
Πn→npi
0
= −
√
2Π1(d, d, u) +
1√
2
Π2(d, d, u)
ΠΞ
0→Ξ0pi0 =
1√
2
Π2(s, s, u)
ΠΞ
−→Ξ−pi0 = − 1√
2
Π2(s, s, d)
ΠΣ
0→Λpi0 +ΠΛ→Σ
0pi0 =
2√
6
[Π1(u, s, d) + Π1(d, s, u)− Π2(s, d, u)− Π2(s, u, d)]
ΠΛ→Λpi
0
=
√
2
3
[Π1(u, s, d)− Π1(d, s, u) + Π2(s, d, u)
− Π2(s, u, d)− 1
2
Π1(u, d, s) +
1
2
Π1(d, u, s)
]
(55)
Correlation functions for the couplings involving π−:
ΠΣ
0→Σ+pi− = −
√
2Π1(d, u, s)
ΠΣ
−→Σ0pi− =
√
2Π1(u, d, s)
ΠΞ
−→Ξ0pi− = −Π2(s, s, d)
ΠΛ→Σ
+pi− = − 1√
3
[
2Π3(d, s, u) +
√
2Π1(d, u, s)
]
ΠΣ
−→Λpi− = − 1√
3
[
2Π4(u, s, d) +
√
2Π1(u, d, s)
]
Πn→ppi
−
= −
√
2Π3(d, d, u) (56)
Correlation functions for the couplings involving π+:
ΠΣ
+→Σ0pi+ = −
√
2Π1(d, u, s)
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ΠΣ
0→Σ−pi+ =
√
2Π1(u, d, s)
ΠΞ
0→Ξ−pi+ = −Π2(s, s, u)
ΠΣ
+→Λpi+ = − 1√
3
[
2Π4(d, s, u) +
√
2Π1(d, u, s)
]
ΠΛ→Σ
−pi+ = − 1√
3
[
2Π3(u, s, d) +
√
2Π1(u, d, s)
]
Πp→npi
+
= −
√
2Π3(u, u, d) (57)
Correlation functions for the couplings involving K+
Πp→Σ
0K = −
√
2Π1(s, u, d)− Π4(s, d, u)
Πp→ΛK = − 1√
3
[√
2Π1(s, u, d)−Π4(s, d, u)
]
Πn→Σ
−K = −Π2(d, d, u)
ΠΣ
+→Ξ0K = −
√
2Π3(u, u, s)
ΠΣ
0→Ξ−K = −Π3(u, d, s)
ΠΛ→Ξ
−K =
1√
3
[
2
√
2Π1(u, s, d) + Π3(u, d, s)
]
(58)
Correlation functions for the couplings involving K−
ΠΣ
0→pK = −
√
2Π1(s, u, d)− Π3(s, d, u)
ΠΛ→pK = − 1√
3
[√
2Π1(s, u, d)−Π3(s, d, u)
]
ΠΣ
−→nK = −Π2(d, d, s)
ΠΞ
0→Σ+K = −
√
2Π3(s, s, u)
ΠΞ
−→Σ0K = −Π4(u, d, s)
ΠΞ
−→ΛK =
1√
3
[
2
√
2Π1(u, s, d) + Π4(u, d, s)
]
(59)
Correlation functions for the couplings involving K0(sd¯)
ΠΞ
0→Σ0K = Π4(d, u, s)
ΠΞ
0→ΛK =
1√
3
[
2
√
2Π1(d, s, u) + Π4(d, u, s)
]
ΠΞ
−→Σ−K = −
√
2Π3(s, s, d)
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ΠΣ
0→nK = Π3(s, u, d) +
√
2Π1(s, d, u)
ΠΛ→nK =
1√
3
[
Π3(s, u, d)−
√
2Π1(s, d, u)
]
ΠΣ
+→pK = −Π2(u, u, s) (60)
Correlation functions for the couplings involving K¯0(ds¯)
ΠΣ
0→Ξ0K = Π3(d, u, s)
ΠΛ→Ξ
0K =
1√
3
[
2
√
2Π1(d, s, u) + Π3(d, u, s)
]
ΠΣ
−→Ξ−K = −
√
2Π3(d, d, s)
Πn→Σ
0K = Π4(s, u, d) +
√
2Π1(s, d, u)
Πn→ΛK =
1√
3
[
Π4(s, u, d)−
√
2Π1(s, d, u)
]
Πp→Σ
+K = −Π2(u, u, d) (61)
B Relations in the SU(2) Limit
Correlation functions involving the pion:
ΠΣ
0→Σ0pi = ΠΛ→Λpi
0
= 0√
2Π1(q, q, s) = Π
Σ+→Σ+pi = −ΠΣ−→Σ−pi = −ΠΣ0→Σ+pi
= ΠΣ
−→Σ0pi = −ΠΣ+→Σ0pi = ΠΣ0→Σ−pi
ΠΞ
0→Ξ0pi =
1√
2
Π2(s, s, q) = −ΠΞ−→Ξ−pi = − 1√
2
ΠΞ
−→Ξ0pi = − 1√
2
ΠΞ
0→Ξ−pi
Πp→ppi = −Πn→npi =
√
2Π1(q, q, q)− 1√
2
Π2(q, q, q)
ΠΛ→Σ
+pi = ΠΛ→Σ
−pi = − 1√
3
[
2Π3(q, s, q) +
√
2Π1(q, q, s)
]
ΠΣ
+→Λpi = ΠΣ
−→Λpi = − 1√
3
[
2Π4(q, s, q) +
√
2Π1(q, q, s)
]
Πn→ppi = Πp→npi = −
√
2Π3(q, q, q)
ΠΣ
0→Λpi +ΠΛ→Σ
0pi0 =
4√
6
[Π1(q, s, q)− Π2(s, q, q)] (62)
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Correlations involving the kaons:
Πn→Σ
0K = −Πp→Σ0K = Π4(s, q, q) +
√
2Π1(s, q, q)
Πp→ΛK = Πn→ΛK = − 1√
3
[√
2Π1(s, q, q)−Π4(s, q, q)
]
Πp→Σ
+K = Πn→Σ
−K = −Π2(q, q, q)
−ΠΣ0→Ξ−K = − 1√
2
ΠΣ
+→Ξ0K = ΠΣ
0→Ξ0K = − 1√
2
ΠΣ
−→Ξ−K = Π3(q, q, s)
ΠΛ→Ξ
0K = ΠΛ→Ξ
−K =
1√
3
[
2
√
2Π1(q, s, q) + Π3(q, q, s)
]
ΠΣ
0→nK = −ΠΣ0→pK =
√
2Π1(s, q, q) + Π3(s, q, q)
−ΠΛ→pK = −ΠΛ→nK = 1√
3
[√
2Π1(s, q, q)−Π3(s, q, q)
]
ΠΣ
−→nK = ΠΣ
+→pK = −Π2(q, q, s)
−ΠΞ0→Σ+K = −ΠΞ−→Σ−K =
√
2Π3(s, s, q)
−ΠΞ−→Σ0K = ΠΞ0→Σ0K = Π4(q, q, s)
ΠΞ
−→ΛK = ΠΞ
0→ΛK =
1√
3
[
2
√
2Π1(q, s, q) + Π4(q, q, s)
]
(63)
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Figure 1: The dependence of the coupling constant gΛnK on the Borel pa-
rameter M2 for the values of the arbitrary parameter t = −1,±5 and the
continuum threshold s0 = 2.25 GeV
2(the curves without any symbols) and
s0 = 2.75 GeV
2(the curves with circles).
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Figure 2: The dependence of the coupling constant gΛnK on cos θ for s0 =
2.50 ± 0.25 GeV 2 and for the Borel parameter M2 = 0.9 GeV 2(the curves
without ant symbols) and M2 = 1.1 GeV 2(the curves with circles on them).
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Figure 3: Same as Fig. 1 but for the Λ→ Σ+π− transition
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Figure 4: Same as Fig. 2 but for the Λ→ Σ+π− transition
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Figure 5: Same as Fig. 1 but for the Λ → Ξ0K0 transition and for the
threshold values s0 = 2.75(the curves without any symbols) and s0 = 3.25
(curves with circles)
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Figure 6: Same as Fig. 2 but for the Λ→ Ξ0K0 transition and for the values
of the threshold s0 = 2.75± 0.25 GeV 2 and the Borel mass M2 = 1.1(curves
without any circles), and M2 = 1.3(curves with circles)
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Figure 7: The same as Fig. 1 but for the n→ pπ− transition.
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Figure 8: The same as Fig. 2 but for the n→ pπ− transition.
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Figure 9: The same as Fig. 1 but for the n→ Σ0K0 transition.
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Figure 10: The same as Fig. 2 but for the n→ Σ0K0 transition.
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Figure 11: The same as Fig. 1 but for the p→ ΛK+ transition.
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Figure 12: The same as Fig. 2 but for the p→ ΛK+ transition.
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Figure 13: The same as Fig. 1 but for the p→ pπ0 transition.
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Figure 14: The same as Fig. 2 but for the p→ pπ0 transition.
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Figure 15: The same as Fig. 1 but for the p→ Σ+K0 transition.
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Figure 16: The same as Fig. 2 but for the p→ Σ+K0 transition.
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Figure 17: The same as Fig. 1 but for the Σ0 → nK0 transition.
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Figure 18: The same as Fig. 2 but for the Σ0 → nK0 transition.
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Figure 19: The same as Fig. 1 but for the Σ0 → Λπ0 transition.
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Figure 20: The same as Fig. 2 but for the Σ0 → Λπ0 transition.
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Figure 21: The same as Fig. 5 but for the Σ0 → Ξ0K0 transition.
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Figure 22: The same as Fig. 6 but for the Σ0 → Ξ0K0 transition.
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Figure 23: The same as Fig. 5 but for the Σ− → nK− transition.
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Figure 24: The same as Fig. 6 but for the Σ− → nK− transition.
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Figure 25: The same as Fig. 1 but for the Σ+ → Λπ+ transition.
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Figure 26: The same as Fig. 2 but for the Σ+ → Λπ+ transition.
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Figure 27: The same as Fig. 1 but for the Σ+ → Σ0π+ transition.
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Figure 28: The same as Fig. 2 but for the Σ+ → Σ0π+ transition.
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Figure 29: The same as Fig. 5 but for the Ξ0 → ΛK0 transition.
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Figure 30: The same as Fig. 6 but for the Ξ0 → ΛK0 transition.
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Figure 31: The same as Fig. 5 but for the Ξ0 → Σ0K0 transition.
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Figure 32: The same as Fig. 6 but for the Ξ0 → Σ0K0 transition.
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Figure 33: The same as Fig. 5 but for the Ξ0 → Σ+K− transition.
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Figure 34: The same as Fig. 6 but for the Ξ0 → Σ+K− transition.
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Figure 35: The same as Fig. 1 but for the Ξ0 → Ξ0π0 transition and
the threshold values s0 = 2.75(curves without any symbols), and s0 =
3.25(curves with symbols).
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Figure 36: Same as Fig. 2 but for the Ξ0 → Ξ0π0 transition and for the values
of the threshold s0 = 3.00± 0.25 GeV 2 and the Borel mass M2 = 1.1(curves
without any circles), and M2 = 1.3(curves with circles)
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